DFT calculations have been carried out in order to rationalize and predict the ring-opening regioselectivity of substituted cyclopropenes in the presence of gold(I) catalysts. It has been shown that the regioselectivity of these ring-opening processes is driven by the relative π-donor ability of the substituents on the cyclopropene double bond (C1 and C2). A stronger π-donor substituent at C2 favors Au(I)-induced polarization of the double bond toward C1, resulting in preferential breaking of the C1-C3 bond. An excellent correlation between ΔE and the difference in the C1-C2 p(π) orbital population was observed for a broad range of substituents, providing a useful predictive model for gold-induced cyclopropene ring-opening. Furthermore, it was found that the stability of the resulting gold-stabilized allyl-cation intermediates do not follow the same trend as the ring-opening reaction energies. Generally, the more facile ring-opening process led to the less thermodynamically stable intermediate, which lacked stabilization of the carbocation by a π-donor in the α-position. shown that the regioselectivity of these ring-opening processes is driven by the relative π-donor ability of the substituents on the cyclopropene double bond (C1 and C2). A stronger π-donor substituent at C2 favours Au(I)-induced polarisation of the double bond towards C1, resulting in preferential breaking of the C1-C3 bond. An excellent correlation between ΔE ‡ and the difference in the C1-C2 p(π ) orbital population was observed for a broad range of substituents, providing a useful predictive model for gold-induced cyclopropene ring opening. Furthermore, it was found that the stability of the resulting gold-stabilised allyl-cation intermediates do not follow the same trend as the ring-opening reaction energies. Generally, the more facile ring-2 opening process led to the less thermodynamically stable intermediate, which lacked stabilisation of the carbocation by a π-donor in the α-position.
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Introduction
Cyclopropenes have been widely used as substrates for a broad range of transition metalcatalyzed reactions; 1 however, it is only since 2008 that their reactivity with gold catalysts has been investigated. Herein, we show that the kinetics of the gold-catalyzed ring-opening process is governed by the relative π-donor ability of the substituents on the cyclopropene double bond and that thermodynamic stability of the resulting organogold intermediates is a function of the π-basicity of the α substituent. 
Computational detail
Gaussian 09 8 was used to fully optimize all the structures reported in this paper at the B3LYP level of density functional theory (DFT).
9
The effective-core potential of Hay and Wadt with a double-ξ valence basis set (LANL2DZ) 10 was chosen to describe Au. The 6-31G(d) basis set was used for other atoms.
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A polarization function of ξ f = 1.050 was also added to Au. It is interesting to note that, for X = H, the ring opening, in most cases, occurs through pathway I (except for Y = SiMe 3 ), while for X = Ph, the ring opening preferentially proceeds through pathway II (except for Y = OH). For X = Me, the regioselectivity of the ring opening is Table 1 . The calculated activation energies (kcal/mol) for the ring opening of all the cyclopropenes studied and the p π orbital populations at C1 and C2 of 1 x-y (see Scheme 2). The electron distribution analysis during the reaction can help us to understand the origin of the regioselectivity of the ring opening. Our calculations for the cyclopropene with X = Y = H
show that in order for the C1-C3 bond to be broken, the C1-C2  bond should be polarized toward the C1 atom. The NBO analysis shows that in transition structure 1TS H-H , due to this polarization, the population of C1 p() orbital increases by 0.27e while that of C2 p() decreases Table 1 , the regioselectivity of the ring opening is controlled by the identity of the X and Y substituents. If the  donor ability of Y is stronger than X, the C1-C2  bond is polarized towards the C1 atom and, as a result, the electron distribution of the  bond in 1 X-Y becomes more similar to 1TS X-Y . In such a case, the transition structure 1TS X-Y is reached more easily than 2TS X-Y because a smaller change in the electron distribution of the  bond is required. For example, the electron distribution of the  bond in 1 H-OH (entry 1) resembles that in 1TS H-OH due to the strong π donor character of OH (Scheme 4). This effect causes 1TS H-OH to lie only 2.9 kcal/mol above 1 H-OH . In contrast, to reach the transition structure 2TS H-OH , a large change in electron distribution of the  bond is required (Scheme 4), leading to a high activation energy for ring opening (∆E ‡ 2 = 22.7 kcal/mol). As such, C1-C3 bond breaking is favored for Y = OH. Figure 1 , the breaking of the C2-C3 bond in our acetoxy-diene forming reaction can be rationalized by the stronger -donor ability of the Me group compared to the CH(R)OAc group. Conversely, the CH(R)OCH 2 CH=CH 2 group in Cossy and Meyer's system is a stronger -donor than H, resulting in C1-C3 ring-opening. Table 1 ) for all the cases studied. (Figure 3) . A similar result for the gold(I)-catalyzed rearrangement of 3-phenylcyclopropene-3-methylcarboxylate to butenolide and indene was also obtained in an earlier study by Hadfield et al.
18 Table 2 . The calculated reaction energies (kcal/mol) for the ring opening of all the cyclopropenes studied and the LUMO energies (eV) for intermediates 3 X-Y (E LUMO1 ) and 4 X-Y (E LUMO2 ) (see Scheme 2). The LUMO energies for intermediates 3 X-Y (E LUMO1 ) and 4 X-Y (E LUMO2 ) are given in Table   2 . Our calculations show that a larger difference between the LUMO energies of 3 X-Y and 4 X-Y (∆E LUMO ) gives rise to a stronger thermodynamic preference for one of the intermediates. We found a relatively good correlation between the ∆E LUMO and ∆E values (R 2 = 0.83) ( Figure   6 ). 19, 20 This result confirms that the π-basicity of substituent at α-position plays a significant role Table 2 ) for a number of the studied cyclopropenes.
Conclusion
We have shown by DFT calculations that the regioselectivity of cyclopropene ringopening by Au(I)-catalysts can be predicted on the basis of relative π-donor ability of the C1 and C2 substituents; these results are consistent with our previous experimental results 7 and those of Cossy and Meyer. 6 It is possible to conclude that cyclopropenylcarbinol derivatives, which are readily synthesized, can lead to very selective ring-opening processes by choice of the group at C2. For example, when C2 is CH 2 OH almost complete selectivity for pathway II can be expected if C1 is a methyl group and selective pathway I ring-opening will be observed if C1 is hydrogen. It is also clear that cyclopropenes with a C1 phenyl group, which are readily prepared by cyclopropenation of phenylacetylene derivatives, represent a class of cyclopropenes amenable to highly selective gold-catalyzed ring-opening processes. It is interesting to note that for trimethylsilyl-substituted cyclopropenes, the β-silicon effect is not a strong director of ringopening regiochemistry. Even in the case of X = H and Y = SiMe 3 there is only a slight preference for pathway II, suggesting that the silicon group may not a good choice of group to direct cyclopropene ring-opening with gold-catalysts. It has also been demonstrated that the thermodynamic stability of the ring-opened product is controlled by the π-basicity of the α-substituent. Further work is ongoing in our laboratories to experimentally investigate the substituent-dependent reactivity of the organogold intermediates. in the gas phase against ∆n for all the cases studied and the plot of the values of ∆E in the gas phase against ∆E LUMO for a number of the studied cyclopropenes. This material is available free of charge via the Internet at http://pubs.acs.org.
